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1st Editorial Decision 05 August 2011
Thank you very much for submitting your research paper reporting on a genome-wide DNAmethylation analysis in islets from T2D-patients for consideration to The EMBO Journal editorial office.
I do enclose comments from three scientists that overall emphasize potential importance and impact of the study (indeed ref#3 recommending publication in the current form). However, both ref#1 and #2 bring up significant critiques that can simply not be ignored and would have to be thoroughly addressed to establish general confidence in the conclusions of the study. In essence, both are not (yet) convinced that the epigenetic differences indeed translate into relevant and causal expression changes related to the disease. Ref#1 demands a more cautious interpretation/presentation of the results in the context of existing literature. S/he seems also not convinced by the reported expression analysis and thus expects better functional validation of the proposed deregulated group of genes in alternative models. In light of the limited access to additional patient material and being a logical next experimental step anyway this seems very reasonable and straightforward. Ref#2 focuses on cause or consequence of the epigenetic changes reported. In addition to testing whether these epigenetic changes are specific for islet tissue, s/he raises rather similar concerns on the functional impact. In summary, both argue that the paper would need much stronger functional and causal support to overcome its current preliminary state. As a consequence of this, I do have no other choice than to formerly reject the paper.
If you were willing to invest the necessary efforts developing the study along these lines, we would be prepared to assess it at The EMBO Journal again. However, as this entails timeconsuming additional experimentation with partially uncertain outcome(s), we would fully understand if you might find it easier to seek more rapid publication elsewhere.
In case you would like to embark on a potential revision, I urge you to take the specified functional demands into careful consideration to not waste your time and avoid unpleasant disappointments much later in the process. Please do not hesitate to contact me with in case of further questions or indeed outlining possible experiments and timeline in case you plan to revise (preferably via E-mail).
I am sorry that the outcome on this occasion was not a positive one but I hope that clearly communicating our demands and expectations might efficient further proceedings of your study.
Editor
The EMBO Journal
REFEREE REPORTS
Referee #1:
Volkmar and colleagues attempt to address an important issue: do changes in the DNA methylome contribute to the alterations in the health of the pancreatic beta-cell in type 2 diabetes mellitus. Unfortunately, they appear to want to fit their results into a preconceived notion that DNA methylation "should" be important, even though their data as of now suggest the opposite. Briefly, of the more than 24,000 CpGs analyzed, only 276 corresponding to 254 promoters show any difference at all -in other words, control and type 2 DM islets are remarkably similar in their methylation status. This is actually an important and may be even surprising finding, yet the authors come to the opposite conclusion. In fact, for only 41 genes is there a measureable change in gene expression correlating with the change in DNA methylation, and their significance is unclear.
There are major issues with the conclusion of the authors that T2DM islets can be differentiated from control by their methylation analysis. While the text (page 5) states that there is a distinct specific methylome of T2DM islets, while the supplemental Figure 2 actually shows that there are even larger differences among the control islets. Two sets of these, CTL 4 and 5, and 9 and 10, cluster separately, and are more different from the majority of the controls than the T2DM islets. In addition, CTL8 clusters closer to the diabetic islets than any of the other controls islets. While this reviewer acknowledges the difficulty of working with frequently quite variable human tissue samples, the authors clearly overstate the quality of their initial data and their power in differentiating diabetic from control islets. This is a major issue, as all resulting conclusions are based on this dataset.
The authors claim that there is no difference in islet composition in T2DM. This goes against decades of published research, and was only analyzed on three control and three T2DM samples. To conclude than that there is no difference in islet composition among the 16 samples studies is overinterpreting the data. There are multiple other established methods for determining islet composition and purity available today, such as FACS sorting of alpha and beta-cells, determination of mRNA transcripts for genes expressed specifically in beta cells versus the other cell types, to name a few.
On page 6, the authors state that they filtered the data sets for those CpG sites that show differences in DNA methylation levels between control and diabetic islets. Of the more than 24,000 CpG that they can assess with confidence (Supplemental table 2), only 276 show differential methylation between the groups., or about 1%. Then, reporting only on this preselected group ( Figure 1A ) they state that "it is apparent from the above data that there are pronounced DNA methylation changes in T2DM islets." This is of course the obvious result when one first selects those genes that are changed, analyzed only those, and then says these genes are changed.
The proper interpretation of the data presented is, however, that DNA methylation is not different between the two groups in a pronounced fashion, as about 99% of the sites analyzed are not different in methylation status! If at all, there are a few select loci that might show differential methylation.
The heatmap shown in Figure 1 is based only on those gene preselected to have differential DNA methylation status -hence, by definition, the two groups will appear different. What should be shown instead is an unsupervised clustering and resulting heatmap for all CpG that can be detected above background. Likely, this would show again that the control samples do not cluster neatly separately from the T2DM samples, but form separate subgroups with possibly even stronger evidence for differences in DNA methylation than among the intended comparison. Figure 1A , even though it is based on pre-selected data, is overinterpreted. Close inspection shows that even for these 276 genes, CTL8 and 9 are much closer to the five T2DM samples than to the other controls -the authors simply chose to separate them by placing CTL6 and 11 in between. Similarly, it is not surprising that a data set that was filtered on the basis of being different between control and diabetic islets results in the dendogram in Figure 1B . Again, this is misleading.
Regarding the 276 selected CpG sites, missing are the actual values. These would allow the reader to evaluate the differences and variability of the signal reported. This should be shown as a fulldetail supplemental figure.
In Figure 3E , the authors show that the GATA motif is enriched among the 172 promoters that are both differentially methylated in T2DM islets, and that also have a low density of CpG islands. The significance of this finding is not explored. As shown in figure S4, randomly selected CpG low promoters are also enriched for the GATA motif to some degree. But regardless of statistical validity, what is the biological significance of the presence of the GATA motif?
In Figure 5 , the authors attempt to correlate the changes in DNA methylation to the changes in gene expression that occur in type 2 diabetic islets. Of the 254 genes associated with the 276 differentially methylated CpGs, only 41 showed differential gene expression. Given the large number of genes with altered mRNA levels, this might in fact not be much different from what would have been expected for any 254 randomly picked genes. Also missing is a comparison to the seminal paper by Gunton and colleagues published in Cell in 2005 that reported the first expression profiling of human control and type 2 diabetic islets.
When the authors discuss the reasons for the low correlation between DNA methylation and gene expression changes, they ignore an important possibility, namely that their expression analysis was underpowered with only an n=3. Given the observation made above that the methylation status even for the 276 selected CpGs is quite variable among the control samples analyzed ( Figure 1A) , it is possible that more differentially expressed genes would be discovered with a larger sample size for the microarray, or better, for an RNAseq analysis.
What is missing in the analysis of the 254 genes of interest is any consideration of which of them might even be expressed in beta-cells. If one takes the claim of the authors about islet composition at face value, nearly 40% of the DNA in their sample comes from non-beta cells, and of course some of the changes in methylation could be in these cells.
The analysis of the biological functions of the 254 genes suggested as differentially methylated is somewhat disappointing. The authors try to turn this around by stating that "T2DM pathogeneis in islets is partially mediated by unexpected and thus previously unappreciated genes." This is possible, but not all that likely. In addition, this analysis should be limited to the 41 of the 254 genes that show differential gene expression in islets -as the authors would have to explain how a change in DNA methylation in a promoter is relevant to islet function if it does not affect expression of the gene in question.
For the two genes the authors elect to study further, it is not mentioned whether these two are only differentially methylated or also differentially expressed. If only the former, then the significance of this experiment is greatly diminished.
Referee #2:
In this manuscript, the authors perform a genome-scale DNA methylation screen and find a number of T2D-associated DNA methylation changes in beta islets from T2D-affected and unaffected individuals. This is followed by a range of bioinformatics analyses and some functional characterization of the changes. Overall I think this is an interesting piece of work but do have several concerns:
1. The authors do not discuss the potential limitations of using cadaveric tissue sufficiently. The mode of death of the donors is important, particularly given that those with T2D might have died in a hyperglycaemic state, or from hypoglycaemia is important as this may have had dynamic effects on DNA methylation at the time of death and therefore could confound the findings of these studies. It would also be useful to note, if this information is available, the duration of diabetes since diagnosis, and the treatment that donors were on so that results may be interpreted in the light of possible confounding from drugs, e.g. metformin which may have effects on sirtuin activity, or the pathophysiological stage of this progressive disease.
2. I'd like to see more information on how the array data were processed. Did they not normalize the data? Also, a number of the probes on the Illumina array cross-hybridize or overlap known SNPS, and should be excluded (Refer to Bell J. et al., Genome Biology, 2011) . This is especially important given that they are looking at unrelated individuals.
3. I realize the difficulty in obtaining human islet, but there is no replication in an independent set of samples.
4. I am not quite sure what to make of the experiments described in "Differential DNA Methylation Observed in T2D Islets is Not Inducible by High Glucose". It is really not a good model for the in vivo diabetic state that might have existed for decades. Their final conclusion that the T2D-associated changes are not due to the hyperglycemic state is too simplistic.
5.
My main concern is whether the changes are causal or consequential and none of the experiments really convince me that causative changes have been found. This is the biggest issue in complex disease epigenomics or epigenome-wide association studies (EWAS - Rakyan et al., NRG, 2011) . So, where does one go from here? Clearly large-scale or prospective studies using islets is out of the question, leaving surrogate tissues only. So here is a suggestion for a relatively simple experiment I would like to see. Did the authors obtain any other tissues from the donors? If so, are the same DNA meth changes, as those found in islets, found in these tissues (only needs to be done for a few DMRs). Alternatively, one could look in the blood of other live T2D patients and see if the same DMRs are found. Shouldn't need many given that the authors found their DMRs from just 5 T2D individuals. Or maybe there are already published dataset looking at DNA methylation or gene expression in T2D individuals. Without these additional experiments, I worry that this could end up like one of the countless largely false positive small-scale genetic association studies performed in the pre-GWAS era. Also, without these experiments, I am not sure how the authors or anybody else can follow up this work or what readers will make of the results with regards to understanding T2D etiopathogenesis, prediction etc.?
Referee #3:
Pancreatic beta cell dysfunction and death are important pathogenic components of type 2 diabetes. Recent genome-wide association studies revealed genes associated with type 2 diabetes. However, epigenetic regulation of type 2 associated genes has not been studied extensively. In this article, the authors show the DNA methylation profiling of islets from patients with type 2 diabetes and control individuals. The authors identified 254 genes that displayed differential methylation. Unexpectedly, these genes mostly displayed hypomethylation and exhibited elevated transcriptional activity. Some of the genes are related to ER stress, an important factor for beta cell dysfunction and death in type 2 diabetes. The authors' model is supported by well-executed experiments and extensive bioinformatic analysis. This article can be published in EMBO journal in its current form.
Additional Correspondence 06 September 2011
Thank you very much for your evaluation of our paper entitled ³DNA methylation profiling identifies epigenetic dysregulation in pancreatic islets from type 2 diabetic patients². I apologize for the delay in replying (I have been on holidays and then to several meetings).
Having carefully read referee¹s comments, we are of course pleased with the answer of reviewer 3 but quite surprised by the reply from referee 1, for which we feel it necessary to express strong concerns as to the mode of operation of this referee (please see below). Regarding referee 2, we believe that s/he expressed several valid critiques, but seems to have overlooked the most important and novel aspect of our study, namely the fact that it provides the first comprehensive and detailed analysis of epigenetic changes in pancreatic islets from type 2 individuals. Importantly, our study brings a new data dimension that has been missing from previous studies and is opening a new field of investigation. Hence, it is unfair to expect that in this ³pathway opening² study we will be able to answer most pending questions in the field such as to ones asked by referee 2. As a matter of fact, these questions have not yet been convincingly answered in the intensively studied cancer epigenetic field and this, despite long-term efforts. In other words, we strongly believe that it is unreasonable to address these topics at this stage and in a pioneering work like ours.
Below, I wish to explain the above issues in a more detailed fashion, starting first with referee 2 and then referee 1.
Referee #2
As you rightly mentioned, the main concern of this reviewer is the ³cause or consequence of the epigenetic changes reported². To answer this, s/he suggests validation ³in alternative models² (e.g. blood, cf. his/her point 5). Regarding this concern, we like to point out that:
1. Addressing the cause-or-consequence issue is not timely and unreasonable with respect to the literature: * Ever since the initial detection of DNA methylation changes in tumours, cancer researchers have raised the very same issue of methylation changes as a cause or consequence of cancer. Nonetheless, after more than 20 years of intensive studies (e.g. hypomorphic Dnmt1 mutations, demethylating drugs), this issue is still strongly debated in the epigenetics field (e.g. (Eden et al. 2003; Yang et al. 2003; Yamada et al. 2005) ). We therefore feel it beyond the scope for a pioneering study to answer the question of whether the observed DNA methylation changes in diabetic islets are causal or secondary to the disease.
* Worth also reminding is that in the diabetes field, while several important GWAS have identified association between common SNPs and T2D, none of these studies addressed the causality for the candidate genes. The genes were implicated in T2D mostly because of their chromosomal position compared to the risk SNPs.
* As mentioned above, our study is seminal to the field of T2D epigenomics and therefore it should be disburdened from the craving to address all conceivable aspects of T2D-related epigenetic changes. Instead, we feel that reporting the existence of DNA methylation changes in diabetic islets as such is a very important and new finding. Moreover, despite the ongoing dispute on the nature of epigenetic changes in relation to the onset of diseases, a plethora of studies on cancer and other, non-malignant diseases has been published without addressing this issue (e.g. (Bork et al. 2009; Martinez et al. 2009; Bell et al. 2010; Grafodatskaya et al. 2010; Javierre et al. 2010; Kanduri et al. 2010; Noushmehr et al. 2010; Rakyan et al. 2010; Breitling et al. 2011) ).
2. There is no established alternative model for pancreatic islets: * To address the causal/consequential issue, referee #2 suggests to perform ³validation of the proposed deregulated group of genes in alternative models². The suggestion to use blood as an alternative model is well taken and it will actually be the focus of our long-term future research. However, any potential islet surrogate tissue will have to be extensively validated for (a) similarity of its DNA methylation pattern and (b) for experiencing the same changes upon T2D pathogenesis as diabetic islets do. The most important problem potentially impairing epigenetic comparability lies in the dissimilar cell lifetimes. While e.g. blood cells exist for approx. 120 days, the age of beta-cells is measured in decades (e.g. (Cnop et al. 2010) ). Therefore, both cell types may react very differently to diabetic conditions. We addressed in the paper the variant response to environmental insults by subjecting isolated non-diabetic islets to specific glucose concentrations (that have been demonstrated to induce epigenetic changes in other cell types (El-Osta et al. 2008) ). We did not see any DNA methylation changes in islets (cf. Figure 3 ). Our conclusion is, therefore, that islets cannot easily be substituted by a surrogate tissue.
* Assuming nevertheless that we would be able to identify a suitable surrogate tissue for islets, this would only constitute a first step. Next, a longitudinal study involving a large number of T2Dprone individuals would have to be carried out in which the islet surrogate tissue would have to be sampled and analysed at defined time intervals, the study¹s endpoint being T2D diagnosis. The described longitudinal study would have to last several years minimum to ³allow² the patients to develop T2D (depending on the number of recruited participants and penetrance of the T2Drelated methylation QTLs). Although of high interest, this is far beyond the scope of the present study.
Hence, we hope that the above points will convince you that it is unfair at this stage in the field of T2D research to demand from us an answer on the cause/consequence question that legions of epigenetics researchers have not been able to provide in other well-studied fields such as cancer.
Referee #1
Upon reading the comments of referee 1, we were quite puzzled by his/her biased view on our results and his/her demand of a more ³cautious interpretation/presentation of the results in the context of existing literature² referring to, inter alia: 1. The islet purity analysis (his/her paragraph 3); 2. The presentation of differentially methylated loci in the context of the whole Infinium array (paragraphs 4, 5), and 3. The comparison of the differential DNA methylation and gene expression analysis results (paragraphs 8-12). Below, I want to respond these criticised points separately:
1. Our islet composition analysis is consistent with accepted works performed in the field: * With respect to reviewer 1¹s statement that our results regarding the amount of beta-cells in control and diabetic islets would ³go against decades of published research² (his/her 3rd paragraph), this statement is baffling and wrong. Indeed, we would like to refer to a body of literature backing our findings of an only slightly reduced proportion of beta-cells in human diabetic islets ((Clark et al. 1988; Marchetti et al. 2004; Del Guerra et al. 2005; Welsh et al. 2005; Marchetti et al. 2007; Hanley et al. 2010 ) to name some). Even the study that the referee cites himself (Gunton et al. 2005 ) actually states a ³normal or only slightly reduced² beta-cell mass, at least early in disease. The reviewer is either mixing up the situations in human islets and those of mouse and rat T2D models or was confused by the notion of ³reduction of functional beta-cell mass² frequently found in the literature, a phrase signifying loss of functionality but not necessarily cell death.
* Still regarding our islet composition analysis, the referee¹s suggestion to use ³FACS sorting of alpha and beta-cells² to determine islet composition (paragraph 3) is frankly surprising. Indeed, as well known in the T2D field, we¹d like to point out that neither we nor any other of the few FACS reference labs in the world actually applies this method as it is technically not feasible.
Hence, this reviewer is wrong by stating that we are ³overinterpreting the data².
2. Our presentation of differential methylation data is in agreement with similar published studies: Reviewer 1 further argues (paragraphs 4, 5) that the number of differentially methylated loci in diabetic islets is low and that the way we present our findings is ³misleading². This is again wrong as explained below:
* ³About 99% of the sites analysed are not different in methylation status!² and ³If at all, there are a few select loci that might show differential methylation² (paragraph 4). The number of differentially methylated loci that we detected in T2D islets, i.e. 276 CpGs, is in the same range, or even higher, than the ones reported for other non-malignant conditions analysed with the same technology platform (19 (Bell et al. 2010) ; 84 (Bork et al. 2009 ) and 360 ). Further, it exceeds the number of loci detected in some cancer types (40 in CLL (Kanduri et al. 2010) ; 78 in B-cell lymphoma ). Hence, we had no ³preconceived notion that DNA methylation should be important², as surprisingly stated by this referee, and identifying 276 loci is clearly significant.
* Directly linked to the point above: ³What should be shown instead is an unsupervised clustering and resulting heatmap for all CpG that can be detected above background.² (paragraph 5). This is clearly not standard procedure for presenting differential DNA methylation profiling data containing tens of thousands of data points. Moreover, following the reviewer¹s suggestion would be contrary to the purpose of Figure 1A , namely displaying, in a conceivable manner, the differences between the control and T2D islet methylation profiles. We have analysed and represented our clustering data following the classically accepted way (cf. for exemple (Bell et al. 2010) , (Bork et al. 2009 ), , ).
3. Our comparison results of differential DNA methylation and gene expression are in line with analogous comparisons in well-acknowledged works: Finally, regarding the various points of critique of referee 1 about the gene expression comparison (paragraphs 8 to 12), we would like to point out that our work is consistent with the emerging notion that for a significant proportion of genes the methylation-expression relationship cannot be reduced to the simple formula that decreased methylation equals elevated expression (Eckhardt et al. 2006; Illingworth et al. 2008; Suzuki and Bird 2008) . Additionally, we provide potential explanations for this in the Results part (page 13) as well as Discussion (p. 19) . Other demands of reviewer 1 seem quite picky and one can wonder whether this reviewer did not overlook some of our data, as e.g. the differential expression data for the functionally characterised genes NIBAN and CHAC1 (as for all significantly differentially expressed genes) are readily available in the Supplementary Material.
Overall, we are thus astonished by the biaised view of referee 1 with respect to the literature and to our results. We consider this reviewer¹s remarks to be overly critical and for the most part inappropriate. This view is in rather startling contrast to referee 3 who says that ³The authors' model is supported by well-executed experiments and extensive bioinformatic analysis². So, we are worried that referee 1 has a conflict of interest and we believe that s/he is being obstructive for an eventual publication of our study. Given the above, may we request that you consider the unnecessary hostile response of referee 1.
In conclusion, we believe that our manuscript contains novel and breathtaking observations for the role of epigenetics in human diseases. As mentioned above, the central novelty of our paper is that it demonstrates for the first time a contribution of the DNA methylome in human T2D pancreatic islets. This is precisely what the title of our paper refers to. We wish to emphasize again that we have undertaken our study with utmost care. The presented data considerably extend current knowledge and should therefore not be kept from publication by unjustly high demands, e.g. to demonstrate causality of the observed epigenetic changes. As discussed above and considering the present progress in the epigenomic and T2D fields, addressing the causality comments seems unreasonable and untimely. To re-emphasize my point, our pioneering study sets new avenues for future research and the presented data should be, we feel, sufficient on their own (consistent with this view, let¹s remind referee 3¹s comment that « this article can be published in The EMBO journal in its current form². Indeed our manuscript exceeds deepness of analysis that is seen in comparable papers, and which do not address functionality or causality issues (e.g. Kanduri et al. 2010; Javierre et al. 2010; Breitling et al. 2011; Nakabayashi et al. 2011 ).
Additional Correspondence 08 September 2011
Thank you very much for your very detailed letter that I spent significant time on and discussed with a colleague here at the office. Allow me to present my perception of the situation as I am of the impression you push a bit too hard in light of the not that negative reports and there will hopefully be a constructive way forward for the study.
My decision letter already aimed at specifying what would be needed to enable further consideration here. As such, I did recognize some potential oversights from the referees in question. As already explained, their comments boil down to two major critiques: (a) are the epigenetic changes reported in human T2D pancreatic islets significant and thus informative? (b) Do they translate into functional effects that impinge on pancreatic beta-cell function? Accordingly, ref#2 is asking for a relatively simple and straightforward control to show that the reported DNA-methylation changes are a feature of the diseased islets and not a general phenomenon of the analyzed samples by checking for a few candidate DMRs in non-diseased tissue (according to your messages, such samples might be available). Nothing more and nothing less, and by no means a long-term longitudinal study or a solution to the conundrum of cause or consequence of epigenetic changes are demanded according to my reading if ref#2.
Secondly, and this is the demand to better establish functional significance form both ref#1 and ref#2: a relatively trivial analysis that the discovered genes with differential methylation patterns are first of all expressed in (cultured) insulin producing pancreatic beta-cell. This should be combined with their manipulation (gain and/or loss of function) to show that these genes impinge on for instance their capability to secrete insulin would significantly strengthen the case. I would not insist on testing all the 40-odd genes but a significant expansion of the two so far tested once would help the cause to overcome the referees hesitations on patho-physiological significance.
I hope that this letter has clarified the rationale of our initial decision and re-emphasizes the strong demands on definitive molecular insight as well as physiological significance expected according to the aim and scope of our relatively broad and highly competitive journal. I hope this sounds relatively realistic to you and look forward to your response in this matter. Once more, I am happy to discuss or in fact run an outline of the experiments you might be willing to add with one of the original referees.
1st Revision -authors' response 07 December 2011
Reply to the referees:
Referee #1
We thank this reviewer for his/her critiques. We are especially thankful for his/her remarks on some key issues, regarding inter alia: the islet purity analysis (his/her paragraph 3), the presentation of differentially methylated loci in the context of the whole Infinium array (paragraphs 4, 5) and the methylation-expression topic (paragraphs 8-12). This led us to meticulously re-examine the manuscript, eliminate unclear phrasing, add explanations where necessary and bolster our arguments where the logical link did not appear strong enough. Below, we wish to respond following his/her comments separately:
-paragraph 1: Volkmar and colleagues attempt to address an important issue: do changes in the DNA methylome contribute to the alterations in the health of the pancreatic beta-cell in type 2 diabetes mellitus. […] of the more than 24,000 CpGs analyzed, only 276 corresponding to 254 promoters show any difference at all -in other words, control and type 2 DM islets are remarkably similar in their methylation status.
[…] -paragraph 4: On page 6, the authors state that they filtered the data sets for those CpG sites that show differences in DNA methylation levels between control and diabetic islets. Of the more than 24,000 CpG that they can assess with confidence (Supplemental table 2), only 276 show differential methylation between the groups., or about 1%. Then, reporting only on this preselected group ( Figure 1A ) they state that "it is apparent from the above data that there are pronounced DNA methylation changes in T2DM islets." This is of course the obvious result when one first selects those genes that are changed, analyzed only those, and then says these genes are changed.
The reviewer argues that the number of differentially methylated loci is low. Actually, the number of differentially methylated loci that we detected in T2D islets is in the same range as reported for other non-malignant conditions analysed with the same technology platform (19 (Bell et al, 2010) ; 84 (Bork et al, 2009 ) and 360 ) and exceeds the number of loci detected in some cancer types (40 in CLL (Kanduri et al, 2010) ; 78 in B-cell lymphoma ). Hence, we had no "preconceived notion that DNA methylation "should" be important" and identifying 276 loci is indeed significant. We have clarified this on page 6 of the revised manuscript.
Concerning the notion that we "chose to separate" columns by placing others in between, we would like to point out that the order of columns in Figure 1A is not deliberate as suggested by the reviewer but actually follows the order of samples in the dendrogram depicted in Figure 1B from the supervised clustering. This is now commented upon on in the caption of Figure 1 (page 49) . Furthermore, while CTL8 may appear closer to the T2D datasets, careful inspection of single loci as well as statistical tests reveal differences big enough for a statistically supported separation of this sample from the diabetic group. This is reflected in the highly significant bootstrap value of 0.85 for the branch separating CTL and T2D samples in the dendrogram of Figure 1B (cf. page 7) .
-paragraph 2: There are major issues with the conclusion of the authors that T2DM islets can be differentiated from control by their methylation analysis. While the text (page 5) states that there is a distinct specific methylome of T2DM islets, while the supplemental Figure 2 actually shows that there are even larger differences among the control islets. […] While this reviewer acknowledges the difficulty of working with frequently quite variable human tissue samples, the authors clearly overstate the quality of their initial data and their power in differentiating diabetic from control islets. This is a major issue, as all resulting conclusions are based on this dataset. -paragraph 5: The heatmap shown in Figure 1 is based only on those gene preselected to have differential DNA methylation status -hence, by definition, the two groups will appear different. What should be shown instead is an unsupervised clustering and resulting heatmap for all CpG that can be detected above background. Likely, this would show again that the control samples do not cluster neatly separately from the T2DM samples, but form separate subgroups with possibly even stronger evidence for differences in DNA methylation than among the intended comparison. Figure 1A , even though it is based on pre-selected data, is overinterpreted. Close inspection shows that even for these 276 genes, CTL8 and 9 are much closer to the five T2DM samples than to the other controls -the authors simply chose to separate them by placing CTL6 and 11 in between. Similarly, it is not surprising that a data set that was filtered on the basis of being different between control and diabetic islets results in the dendogram in Figure 1B . Again, this is misleading.
The above comments on the way we present our figures are incorrect. The apparently separate clustering of CTL 4, 5 and CTL 9, 10 in Supplementary Figure 2 is only a matter of data visualisation. As branches in a dendrogram can generally be rotated at nodes, CTLs 9, 10 could just as well be displayed topmost in the dendrogram; likewise, CTLs 4, 5 could be placed between CTLs 7 and 8 (which, however would have required manual manipulation of the figure). Figure S2 plainly provides the intended message, i.e. grouping of the T2D samples even with unfiltered datasets, which is its only purpose. With regard to the referee's critique on our phrasing related to Figure S2 ("hinting towards a T2D-specific DNA methylation profile"), we would like to stress that our phrasing was not intended to state a fact but rather one possible conclusion from the unsupervised clustering. To make this clearer, we modified this sentence in the manuscript (page 6). Additionally, to investigate the validity of our hypothesis of a T2D-specific methylome becoming apparent from the unfiltered datasets, we expanded the principal component analysis (PCA, Figure S3 , Supplementary Text 1.2) by a point-biserial correlation of the extracted PCs with T2D status of the islet donors. As a result, we found a significant correlation with disease status for a considerable proportion of differential methylation between datasets (PC #1 and #3, cf. page 6, Figure S3 ). We therefore feel it justified to suggest a possible T2D-related methylation signature.
-paragraph 3: The authors claim that there is no difference in islet composition in T2DM. This goes against decades of published research, and was only analyzed on three control and three T2DM samples. To conclude than that there is no difference in islet composition among the 16 samples studies is overinterpreting the data. There are multiple other established methods for determining islet composition and purity available today, such as FACS sorting of alpha and betacells, determination of mRNA transcripts for genes expressed specifically in beta cells versus the other cell types, to name a few.
With respect to the statement that our results "go against decades of published research", we would like to refer to a body of literature backing our findings of an only slightly reduced proportion of beta-cells in human diabetic islets ( (Clark et al, 1988; Del Guerra et al, 2005; Hanley et al, 2010; Marchetti et al, 2007; Marchetti et al, 2004; Welsh et al, 2005) to name some). Even the study that the referee cites (Gunton et al, 2005) actually states a "normal or only slightly reduced" beta-cell mass, at least early in disease. It should be also clarified that our statement refers to composition of pancreatic islets isolated from T2D and control individuals, which does not necessarily provide the same information as the histological analysis of whole pancreata obtained from autopsy material from control and T2D individuals, referred to by the reviewer.
Regarding the methods to quantify the amount of beta-cells in the isolated islets: (i) We refrained from analysing the purity of the islets by mRNA expression levels as the material used in our study was collected over a period of 7 years during which RNA integrity is likely to have been compromised regardless of proper storage. (ii) Concerning the reviewer's claim of FACS as an "established method" for robust quantification of human islet cell types, this is a surprising notion to us. Indeed, we'd like to point out that neither we nor any other of the few FACS reference labs in the world actually applies this method for human islets as it is technically very difficult to FACS sort these cells without utilization of dies or antibodies that may modify islet function/gene expression.. This is due to the fact that human betacells from adult individuals, differently from rat or mouse beta-cells, have extensive accumulation of lipofuscin bodies (Cnop et al, 2000; Cnop et al, 2010) which induce high autofluorescence and interfere with the FACS sorting.
-paragraph 6: Regarding the 276 selected CpG sites, missing are the actual values. These would allow the reader to evaluate the differences and variability of the signal reported. This should be shown as a full-detail supplemental figure.
We agree with this comment. As requested by the reviewer, Supplementary Table 2 was amended and now additionally contains the methylation values of each CpG in each sample. This information, along with methylation data for all CpG loci, is also available from the raw data at the GEO database (cf. reviewer links page 36).
-paragraph 7: In Figure 3E , the authors show that the GATA motif is enriched among the 172 promoters that are both differentially methylated in T2DM islets, and that also have a low density of CpG islands. The significance of this finding is not explored. As shown in figure S4 , randomly selected CpG low promoters are also enriched for the GATA motif to some degree. But regardless of statistical validity, what is the biological significance of the presence of the GATA motif?
The enrichment of a GATA motif and its functional relevance are notoriously hard to investigate as GATA boxes are a quite common feature in promoters. Yet, the enrichment of the GATA_X motif in our set of differentially methylated promoters is highly significant as none of the 1,000 sets of randomly assembled promoters used as control ( Figure S5B ) surpassed its enrichment p value. However, the referee is correct in that no explanation about biological meaning is given. We didn't feel it necessary for a screening/exploratory study to closely investigate this finding. We are willing to delete it from the manuscript if requested by the reviewer; nevertheless we were and are still convinced that this might be an important finding that the readers of our manuscript should be alerted to, especially given the apparent importance of GATA proteins as regulators in endocrine development, function and pathologies (Viger et al, 2008) .
-paragraph 8: In Figure 5 , the authors attempt to correlate the changes in DNA methylation to the changes in gene expression that occur in type 2 diabetic islets. Of the 254 genes associated with the 276 differentially methylated CpGs, only 41 showed differential gene expression. […] Also missing is a comparison to the seminal paper by Gunton and colleagues published in Cell in 2005 that reported the first expression profiling of human control and type 2 diabetic islets.
Concerning the expression data from Gunton et al. (2005) we chose to not include a comparison/correlation to this dataset. The reason why we chose to utilize GSE20966 instead of the Gunton et al. expression data is the high variation of positive probe signal presence calls in the latter ranging from 24.2% (sample 'jos2108_male-cauc-norm') to 80.1% (sample 'jos2122_malecauc-norm') whereas the distribution of positive presence calls in the GSE20966 datasets is much more homogenous. Hence, while we too value the Gunton et al. study as seminal to the field of T2D transcriptomics, we didn't feel that these data could help us for our analyses and therefore resorted to the more recent and -in our view -superior data in GSE20966.
-paragraph 9: When the authors discuss the reasons for the low correlation between DNA methylation and gene expression changes, they ignore an important possibility, namely that their expression analysis was underpowered with only an n=3. Given the observation made above that the methylation status even for the 276 selected CpGs is quite variable among the control samples analyzed ( Figure 1A) , it is possible that more differentially expressed genes would be discovered with a larger sample size for the microarray, or better, for an RNAseq analysis.
The reviewer rightly points out the possibility that our "expression analysis was underpowered with only an n=3". Regarding the experiments suggested thereafter, we wish to emphasize again that (i) It took several years to obtain the material analysed in our study and, unfortunately, the limited supply of human pancreatic islets from diabetic patients prevents a more thorough and comprehensive analysis (including e.g. RNA-Seq of CTL and T2D samples). (ii) We chose not to include female samples/expression profiles in the analysis to avoid potential gender effects caused by imprinting and other phenomena that may affect methylation. (iii) We very much wanted to increase the "n" for DNA methylation as well as gene expression experiments and therefore approached several of the few institutes worldwide that have an islet isolation facility with a request to supply/share islets, genomic DNA, RNA or expression data or to engage in a collaboration with the goal of achieving a bigger "n". Unfortunately we did not succeed in obtaining additional material, and we became aware of a competitive situation as at least one similar study to the one described in our manuscript is currently being conducted by another European group.
-paragraph 10: What is missing in the analysis of the 254 genes of interest is any consideration of which of them might even be expressed in beta-cells. If one takes the claim of the authors about islet composition at face value, nearly 40% of the DNA in their sample comes from non-beta cells, and of course some of the changes in methylation could be in these cells.
The point is well taken. We have now made a comparison of our data with the expression data obtained by Bhandare et al. in non-diabetic pancreatic islets (Bhandare et al, 2010) ; this is described in the revised manuscript in a rather detailed fashion (cf. page 14 and Table S2 columns AP-AR).
In the meantime, a study has been published analysing gene expression in different human islet cell types including beta-cells (Dorrell et al, 2011) . A comparative analysis between these new data and our own findings showed that many of our 254 differentially methylated genes are covered by the expression microarray used by the authors. 170 of these genes have a positive presence call in beta-cells. This result indicates that the majority of the genes we detected are expressed in a sufficient amount to be reliably detected by microarrays, i.e. these are genes actively transcribed in (healthy) beta-cells. This new result was added to the revised version of the manuscript (page 14/15).
One has to keep in mind though that (i) in the islet analysis by Bhandare et al. as well as in the beta-cell experiment by Dorrell et al. non-diabetic material was analysed. (ii) We observe mostly DNA hypomethylation in diabetic islets, not infrequently accompanied by elevated gene expression. It can therefore be assumed that the majority of genes from the 254 gene dataset will be expressed in diabetic beta-cells as we now explain in the Discussion section on page 24 of the revised manuscript.
-paragraph 11: The analysis of the biological functions of the 254 genes suggested as differentially methylated is somewhat disappointing. The authors try to turn this around by stating that "T2DM pathogeneis in islets is partially mediated by unexpected and thus previously unappreciated genes." This is possible, but not all that likely. In addition, this analysis should be limited to the 41 of the 254 genes that show differential gene expression in islets -as the authors would have to explain how a change in DNA methylation in a promoter is relevant to islet function if it does not affect expression of the gene in question.
We apologize to the reviewer for apparent sketchiness of our original manuscript as we did not properly emphasize the relation of our findings to published functional data on detected genes. In a formerly Supplementary Figure that now has been moved to the main manuscript (Figure 7) , we highlight, in a brief manner, the published T2D-relevant functions of many genes that we found differentially methylated in our study. However, none of these genes has been described in the recent GWAS studies and few have received increased attention after the publications listed in Figure 7 . With their epigenetic dysregulation uncovered by our experiments we think it justified to describe these genes as "previously unappreciated". The term "unexpected", on the other hand, aims at the detection of genes in our study that are in the same pathways or fulfil similar functions as known T2D risk genes identified through GWAS (cf. page 17).
Nevertheless, this comment and critique point #5 of reviewer #2 impelled us to broaden the functional analysis of the differentially methylated genes to convincingly demonstrate that these genes indeed impinge on pancreatic beta-cell function. In the revised manuscript, we have included functional analyses of 6 additional genes found to be differentially methylated. Importantly, their knockdown affected -for every gene examined -islet and beta-cell function and/or apoptosis.
We hope that this is a satisfactory extension that aids to demonstrate that we uncovered differential DNA methylation in genes whose functions are relevant for islet or beta-cell function.
Regarding the focussing only on genes displaying anti-correlated DNA methylation and expression changes, this would potentially overlook important contributions to the pathogenesis not readily detectable by means of high-throughput expression microarray analyses. For example, differential DNA methylation can be more informative or correlate more closely with survival than expression of the affiliated gene. This has been demonstrated in breast cancer (Dedeurwaerder et al, 2011) and ovarian cancer (Cancer Genome Atlas Research Network, 2011).
Thus, regarding this point of critique about the gene expression comparison as well as the other comments related to gene expression (paragraphs 8 to 12), our work is consistent with the emerging notion that for a significant proportion of genes the methylation-expression relationship cannot be broken down to the simple anti-correlation of decreased methylation and elevated expression (Eckhardt et al, 2006; Illingworth et al, 2008; Suzuki & Bird, 2008) . Additionally, we provide potential explanations for this in the Results part (page 15/16) as well as Discussion (p. 25).
-paragraph 12: For the two genes the authors elect to study further, it is not mentioned whether these two are only differentially methylated or also differentially expressed. If only the former, then the significance of this experiment is greatly diminished.
We thank the reviewer for pointing out this missing point and amended it in the revised version of the manuscript. The differential expression of both genes in T2D islets is documented in Supplementary Table 4 . While CHAC1 falls slightly short of the differential expression threshold of FDR-corrected p<0.05, the islet expression data for NIBAN do not show significant differential expression. However, for this gene we possess unpublished expression data from laser-captured T2D and non-diabetic beta-cells showing a well-supported doubling of mRNA levels in diabetic beta-cells (P. Marchetti, unpublished data) . We would be pleased to provide the reviewer with these data if requested.
In case of NIBAN we also have to apologise to the reviewers for not correcting an ambiguity, as in Table S2 and S4 the different NIBAN gene designations used by Illumina and Affymetrix (C1orf24 and FAM129A, respectively) were not unified, thus making it more difficult to identify the corresponding data.
Referee #2
We are grateful to this reviewer for finding that "this is an interesting piece of work". In the revised manuscript, we have addressed thoroughly all the comments made by this reviewer and have included many essential new results. These comments, together with the requests made by the other referees, have prompted us to carry out work that considerably extends and strengthens our conclusions and also strengthens the manuscript as a whole. Notably, major improvements include:
1.
Differential methylation profile is a feature of T2D islets. In addition to DNA methylation profiling in islets, we have extended as asked our analysis to genomic DNA isolated from whole blood of T2D patients and gender-, age-and BMI-matched non-diabetic individuals. As the targeted analysis of few DMRs (as suggested by reviewer #2) did show no significant differential methylation, we performed DNA profiling on a total of 24 samples (12 T2D, 12 controls). Interestingly, blood shows very little T2D-related differential DNA methylation (pages 13-14, Figure S6 , Figure S7 ). Hence, our new results put our initial findings in pancreatic islets in a new perspective and may serve to emphasize the complexity of T2D pathogenesis.
The uncovered differentially methylated genes possess patho-physiological significance to beta-cell function:
To substantiate our statement that the functional effects of the differential DNA methylation indeed impinge on pancreatic islet and beta-cell function we have clarified the Results section (page 19) and moved to the main manuscript Figure 7 describing disease-associated functions of several genes in the context of existing literature. We would like to apologize for the confusion caused in the original version of the manuscript in which this important figure was hidden in the Supplementary Information.
3.
The epigenetic changes reported are functionally significant and thus informative: We broadened the experimental analysis of the genes found to be dysregulated. Instead of the 2 genes reported on previously, we have now analysed 8 genes by loss of function, and all of which appear to play vital roles in beta-cell function (pages 19-20, Figure 8 ). In addition to the genes known to be involved in T2D/islet pathology (cf. point 2 above), this convincingly demonstrates that we did not pick up some irrelevant variations in DNA methylation levels but that the uncovered epigenetic changes indeed affect genes vital for beta-cell function and survival. These genes might therefore be important, previously unappreciated players in T2D pathogenesis.
4.
The genes with differential methylation patterns in their promoters are expressed in insulin producing beta cells:
By extending the expression analysis of the differentially methylated genes to beta-cells in addition to islets, we can now assert that the aberrant DNA methylation occurs mostly in promoters of genes that are active in non-diabetic beta-cells (pages 14-15).
The observed changes occur in diseased islets and cannot be induced by adverse conditions prior to isolation from the donor:
We describe more precisely of the hyperglycaemia experiment (page 12, Fig. 4 ) to clarify our rationale for performing this experiment, namely to assess stability/transience of islet DNA methylation upon glycaemic insult. As the description of this section was apparently unclear, and we apologize for this, we hope that by revising and adding additional contextual literature, we now adequately describe the purpose of the performed experiment.
Response to general comments:
-point 1. The authors do not discuss the potential limitations of using cadaveric tissue sufficiently. The mode of death of the donors is important, particularly given that those with T2D might have died in a hyperglycaemic state, or from hypoglycaemia is important as this may have had dynamic effects on DNA methylation at the time of death and therefore could confound the findings of these studies. It would also be useful to note, if this information is available, the duration of diabetes since diagnosis, and the treatment that donors were on so that results may be interpreted in the light of possible confounding from drugs, e.g. metformin which may have effects on sirtuin activity, or the pathophysiological stage of this progressive disease.
We thank the reviewer for his/her insightful comment regarding the potential limitations of using cadaveric tissue. Unfortunately we don't possess information about T2D medication taken by the diabetic islet donors or the other relevant points mentioned by the reviewer. We have thus added a paragraph acknowledging these possible confounding factors to the Results/Discussion section of the manuscript (page 27).
-point 2. I'd like to see more information on how the array data were processed. Did they not normalize the data? Also, a number of the probes on the Illumina array cross-hybridize or overlap known SNPS, and should be excluded (Refer to Bell J. et al., Genome Biology, 2011) . This is especially important given that they are looking at unrelated individuals.
We thank the reviewer for his/her insightful observation. In studies reporting on microarrayderived results, data normalisation is generally an important topic. For our data, normalisation methods suitable for DNA methylation data and provided within the Illumina software yielded essentially identical datasets and were therefore omitted. In addition, it has to be stated that the probe redundancy on the Humanmethylation27 array (each probe is present on average 17 times at different positions on the array) already provides for a pretty robust data acquisition and spatial or background effects are minimized by this array design. Other post-hoc normalisation methods (Loess, quantile or Bayes (Johnson et al, 2007; Laird, 2010) ) are not applicable to DNA methylation data due to their heteroscedasticity and other reasons (Cancer Genome Atlas Research Network, 2011). Furthermore, the sheer number of non-differentially methylated loci (in the non-normalised datasets) can be regarded as an argument defying the need for additional normalisation of the raw data.
Instead, for each array a standard quality analysis was performed assessing Bisulfite conversion efficiency, hybridisation efficiency and specificity, single base extension rate, target removal as well as staining for negative and non-polymorphic probes (GenomeStudio Controls Dashboard). In the revised manuscript, we mention raw data quality control and the reasons for not applying normalization algorithms to the DNA methylation data (pages 29-30).
Concerning the referenced paper of Bell et al. (Bell et al, 2011) , we found no overlap between the 180 critical CpGs/Infinium probes and our dataset and therefore didn't have to exclude any CpG from further analysis (page 6). Nevertheless, we are thankful to the reviewer for pointing out this issue. We will incorporate the above mentioned comparison in our standard procedure for Infinium data handling.
-point 3. I realize the difficulty in obtaining human islet, but there is no replication in an independent set of samples. We fully agree with reviewer #2. However, (i) As pointed out by this referee, obtaining islet material, especially from T2D donors is a severe bottleneck. Acquiring the islets used in our study has taken over 7 years. (ii) For the revised version of the manuscript, we tried to obtain and analyse additional islet material or isolated gDNA (or RNA for amending the expression analyses) from other sources two of the few groups with access to an islet transplantation/isolation facility. Unfortunately we did not succeed in obtaining additional material, and moreover we became aware of a competitive situation as at least one very similar study to the one described in our manuscript is currently been conducted by another European group. (iii) With the few islet samples available for our study, we (retrospectively) were nevertheless able to fulfil an alternative replication criterion that is put forward in the paper referred to by this reviewer (Rakyan et al, 2011) , namely studying the same polymorphisms in the same population using different laboratory techniques. The extensive Bisulfite pyrosequencing validation done for 16 of the differentially methylated loci (Figure 2, Figure S4 ) was originally intended as an additional proof of differential DNA methylation in T2D islets. The concept by Rakyan et al. that this kind of experiment can be considered independent replication comes as a relief to us and certainly to many other researchers who are not able to analyse 400 or even 800 samples per group for an EWAS study.
-point 4. I am not quite sure what to make of the experiments described in "Differential DNA Methylation Observed in T2D Islets is Not Inducible by High Glucose". It is really not a good model for the in vivo diabetic state that might have existed for decades. Their final conclusion that the T2D-associated changes are not due to the hyperglycemic state is too simplistic.
We are aware that our setup does not provide a good approximation of the chronic in vivo diabetic state. However, although simplistic, the experimental setup may be suitable to study the effects of acute islet exposure to high glucose concentrations, which may be present in brain dead individuals maintained in life support ahead of organ donation. As an important achievement, the results of these experiments did exclude the possibility that transient metabolic insults affect DNA methylation. In a recent work, Pirola et al. (Pirola et al, 2011 ) demonstrated genome-wide epigenetic alterations in aortic endothelial cells exposed to high concentrations of glucose for 48h. Therefore, DNA methylation changes in islets could have been induced by a hyperglycaemic crisis, as experimentally shown for another tissue by Pirola et al. (Pirola et al, 2011) . Looking at the present results of the high glucose exposure experiments, however, such effects can be excluded for pancreatic islets (page 12).
-point 5. My main concern is whether the changes are causal or consequential and none of the experiments really convince me that causative changes have been found. This is the biggest issue in complex disease epigenomics or epigenome-wide association studies (EWAS -Rakyan et al., NRG, 2011) . […] Here is a suggestion for a relatively simple experiment I would like to see. Did the authors obtain any other tissues from the donors? If so, are the same DNA meth changes, as those found in islets, found in these tissues (only needs to be done for a few DMRs). Alternatively, one could look in the blood of other live T2D patients and see if the same DMRs are found. Shouldn't need many given that the authors found their DMRs from just 5 T2D individuals. Or maybe there are already published dataset looking at DNA methylation or gene expression in T2D individuals. […] We are aware of the interest to determine causality/consequence of the DNA methylation changes in T2D and realize that the experiments presented in our manuscript do not experimentally prove these methylation changes to be causal for T2D. Indeed, ever since the initial detection of DNA methylation changes in tumours, cancer researchers have raised the very same issue of methylation changes as a cause or consequence of cancer. Nonetheless, after >2 decades of intense studies (e.g. hypomorphic Dnmt1 mutations, demethylating drugs), this issue is still strongly debated in the epigenetics field (e.g. (Eden et al, 2003; Yamada et al, 2005; Yang et al, 2003) . We therefore feel it is beyond the scope for the present study -the first to describe key changes in human islet DNA methylation in T2D -to answer the question of whether these changes are causal or secondary to the disease.
As this matter is of great relevance, we would like to stress that our study is the first comprehensive analysis in the field of T2D epigenomics and therefore it should be disburdened from the need to address all aspects of T2D-related epigenetic changes. Instead, we feel that reporting the existence of DNA methylation changes in diabetic islets as such is a very important and new finding, opening a new research avenue in the field. Of note, and despite the ongoing dispute on the nature of epigenetic changes in relation to the onset of diseases, a plethora of studies on cancer and other non-malignant diseases has been published in high impact journals without solving this issue (e.g. (Bell et al, 2010; Bork et al, 2009; Breitling et al, 2011; Grafodatskaya et al, 2010; Javierre et al, 2010; Kanduri et al, 2010; Martinez et al, 2009; Noushmehr et al, 2010; Rakyan et al, 2010) ). Moreover, the article cited by the referee (Rakyan et al, 2011 ) also states that until now "none of these studies has been able to conclusively distinguish causal from consequential epigenetic variants".
With regard to the referee's question of other tissues obtained from the islet donors, we did not obtain any other tissue from the organ donors and are, furthermore, not aware of epigenetic of gene expression studies on other tissues from T2D patients. Additionally, to our knowledge, there is no established alternative model to pancreatic islets. Therefore, we followed the suggestion of the reviewer to analyse DNA methylation changes in whole blood of living T2D individuals.
To achieve this aim we recruited 12 T2D patients and 12 age-and BMI-matched controls. We performed several targeted Bisulfite pyrosequencing analyses on CpG loci shown to be differentially methylated in T2D islets (compare Figure S6 to Figures 2 and S4) . In none of the loci tested did we detected significant T2D-associated differential DNA methylation ( Figure S6 ).
Hence, we applied, as an ultima ratio, a completely new DNA methylation profiling on all 24 blood samples. As a result, we have now complemented differential DNA methylation profile of T2D islets with an even more comprehensive profile of T2D blood (cf. Figure S7 ). We did not find significant differential DNA methylation in any of the 276 CpG loci detected in T2D islets ( Figure S7B ). In fact, T2D seems barely manifest in DNA methylation of blood cells at all ( Figure  S7A ). Although a conclusion as to the islet specificity of the epigenetic changes detected in our study appears premature, since only one additional tissue has been studied, the results from the methylation profiling of T2D blood samples suggest preferential T2D-related changes in pancreatic islets, an interesting notion that will be addressed in future studies.
Referee #3
We thank the reviewer for acknowledging that "The authors' model is supported by wellexecuted experiments and extensive bioinformatic analysis." and are grateful for his/her recommendation "This article can be published in EMBO journal in its current form".
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